/ 6 QL sample via AES depth profiling. (a) Single AES spectra obtained after repeated cycles of ion sputtering (from blue = untreated to red). Peaks belonging to different elements are marked. The inset shows how the peakto-peak signal was obtained. (b) The peak-to-peak signal from Bi (red), Sb (blue) and Si (green) is plotted against sputtering time which is recalculated into sample thickness by calibration via the STEM measurements. The dashed lines mark the lower limit of accuracy which this method can provide assuming an ideal sharp interface between the two materials. (c) Low-energy electron diffraction (LEED) pattern for this sample showing the high crystalline quality of the (111) surface.
Red curve shows result for a perfectly sharp interface between the two and layers and the green curve, respectively, for a very strong gradual intermixing of charge carriers. The black curve assumes a light composition profile on the basis of the experimentally deduced profile (from Supplementary Fig. 1b ). Each situation is schematically illustrated. Green is the Si substrate, orange the layer whose thickness is fixed and blue the varying layer. Red and blue lines here represent donor-and acceptor-type carrier distribution, respectively.
Supplementary Note 1
Composition profiling. Selected samples have been investigated by repeated gentle 500 eV ion sputtering and subsequent Auger electron spectroscopy (AES) cycles in order to determine the composition profile. Supplementary Fig. 2 shows the result of such AES depth profiling for a 15 QL / 6 QL sample. From the single AES spectra presented in Supplementary Fig. 1a the relative amount of Bi, Te, Sb and Si was determined. Hence, the composition can be plotted against the sputtering cycle and, if one uses the known sample thickness from STEM (see Fig. 1 ), this can be recalculated into a real film thickness, as done in Supplementary Fig. 1b . Separated regions of and can be clearly distinguished but again a sizable diffusion of Sb and Bi at the interface is found which might have been induced by the additional annealing step. To be more precise, firstly, Sb diffuses to the interface and, secondly, Bi shows a non-vanishing signal throughout the entire heterostructure. However, at the surface to vacuum the characteristic low energy 103 eV NOO Auger peak of Bi was found to be small in all samples. The depth profiling confirms the existence of an intermixed interface region between the two TI layers of width of a few nm. The real extension of this region will be smaller than the red or blue profiles because one has to take several broadening effects into account.
Firstly, the resulting AES signal will be a convolution of the true profile and a thickness-dependent function that includes inelastic mean free paths of the Auger electrons (simulated by the dashed lines in Supplementary Fig. 1b ). Such a function gives an upper limit of the accuracy of the AES profiling method, assuming that the sputtering process proceeds homogeneously, i.e. in the layer-by-layer mode. Secondly, the measured profile is convoluted with the depth resolution function [1] , taking into account sputtering-induced changes in the composition and surface roughness, the assessment of which is beyond the scope of the present analysis. This means that the true profile is expected to be steeper than derived here, which is in good agreement with the presented STEM data and also means that our cleaning procedure did not significantly influence the quality of the interface.
Supplementary Note 2
1D Schrödinger-Poisson model. To estimate the band bending within the p-n junction created by the connection of two narrow band gap semiconductors with opposite dominating charge character, we modeled the system in 1D solving the conventional 1D Poisson and 1D Schrödinger equations self consistently [2] . The Schrödinger equation was written for the envelope function using the effective mass approximation. Numerically, both equations were iteratively solved and the solution was altered until the charge neutrality of the structure was fulfilled. The system consists of a semi-infinite Si-substrate, a 6 nm thick layer of n-type doped and a layer of varying thickness of p-type doped ( Figure 5 , inset). The electron and hole effective masses as well as the band gaps were taken from the results of ab-initio calculations [3, 4] . To our knowledge, the band offset between Si and has so far not been determined and was assumed to be equal to the difference between the electron affinities of Si (4.05 eV from ref. [5] ) and . The electron affinity ranges from 4.125 to 4.525 eV (ref. [6] ), thus the band offset value of 0.3 eV between Si and seems acceptable. Values for the dielectric constant for both materials were found in literature to be [7] and [8] . Different numbers for the bulk native defects and surface states density were computed and the resulting band diagrams compared to experimental spectra. The values with best agreement were found to be for donor-type native defects in -and acceptor-type native defects in -. Additionally, two layers of negative surface charge with a density of were assumed at the interfaces between topologically trivial to non-trivial materials, i.e. interface of to the Si substrate and at the surface to vacuum. All these charge densities are within experimentally confirmed uncertainty limits. All calculations were performed assuming = 20 K. Instead of an abrupt defect distribution step, an intermixed interface region of 5 nm width derived from Supplementary Fig. 1b was included in the model. The band gap within the two materials has been linearly changed from 0.12 eV for to 0.16 eV for within this region. The model calculates the band diagram through the entire sample but only the resulting valence band position at the surface to vacuum was plotted against top layer thickness and compared to experimental ARPES results in Figure 5 .
Estimations for extreme limits of the model. In order to evaluate the effect of intermixing on the position of the energy bands, we modeled also for two extreme cases of no and very strong intermixing. Supplementary Fig. 2 again shows the position of the valence band maximum vs. top layer thickness. The red dots and the black curve are the same as in Figure 5 and show experimental ARPES data and the results of the model for an intermixing which is based on the measured profile in Supplementary Fig. 1b . Additionally, the red curve depicts the results of the model for a perfectly sharp interface, i.e. no intermixing at all, and the green curve for strong gradual intermixing of the charge carrier density through the entire structure (the carrier density distribution is depicted on the right of Supplementary Fig. 2 for each 
